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Method of Operadng a Fuel Cell Sj^tem, 
and Fuel CeU System Op«:able Accordingly 

t 

The invention relates to a method of how to operate a fuel cell system 
xwliich comprises at least one active membrane sandwiched between an anode 
layer and a cathode layer and comprising a catalyst^ and a fiiel supply having 
access to the anode layer and an air supply having access to the cathode layei; 
vidiecdbi ilie air siq^Ued liy the air supply is introduced by pressure into the fuel 
ceU system, passes along the cathode layar and then leaves the fuel cell system 
and is used for both oxidant and coolant, and to a fuel cell ss^em operable 
according to such method and comprising at l^ist one active membrane 
sandwiched between an anode layer and a cathode layer and comprising a 
catalyst^ and a fuiel supply having access to the anode layer and an air siqiply 
having access to the cathode layer. It concerns a combination of the functions 
of a reactant supply and a cooling gas stream, particularly in a proton exchange 
membrane (PEM) electrochemical fuel ceD system having cathode structures 
through which an air flow passes. 

BACKGROUND OF THE INVENTION 

Patent 5,595,834 describes a cylindrical stack of cells in which the 
movement of an air stream including die necessary oxygen is from the perlphety 
toward a central hollow cylindrical region. That air stream has the function of 
providing the fuel cell wirii the necessary oxygen for the reaction within the 
single cells. For cooling, separator plates between the cells extend a certain 
distance beyond the stack periphery for removing heat from said cells to the 
ambient air. The passway of the hydrogen fuel is within the central region near 
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the centres of the cells and is connected to deliver the fuel to fuel flow fields in 
the cells. 

UeS. Patent 5,470,671 describes a fud cell configuration in wluch all 
cathode sides of the cells (single cells arranged in a line, connected m series or 
bicells) are located at the periphery of the cell arrangement. The cathode is the 
periphery of each single celL Therefore, it is possible to dissipate all heat 
generated exotfaermlcaify in the membrane electrode assembly to the atmo- 
sphere^ and to si:^]^ the necessary reaction air stream to the memh^ 
the same flow path. The reaction and cooling air stream are identical. A problem 
resulting from the prior art configuration is a large volume that is necessary 
since a comrentional bipolar stack configuration is not possible. Furthermore, 
conq>licated gas supply^ and electrical connections are necessary wiiich generally . 
do not allow a large number of cells which would be needed to generate high 
voltages. The energy densities in weight and volume, and even the efBdmcy of 
this configuration are very low. 

£P 0 929 112 describes an air-cooled hydrogen air polymer electrolyte fuel 
« 

cell that has a twofold channel structure cooling plate. The cooling channel 
structure extends tturoug^ the plate from a first side to a second side of tire 
plate, wherein the air charmel structure that supplies the fuel cell with the 
reaction air ^ends tcom a sinrfkce of a cathode flow field into the cooling 
channel of the cooling plate. The cooling air stream and the reaction air stream 
flow cross-sectionalfy. 

D£ 196 00 200 CI describes a fuel cell wherein one of two dry or only 
partially humidified reactant gases flows parallel to the temi>erature gradient 
between the reaction gas inlet and the reaction gas outiet. In addition, an air 
flow is used for cooling ptu:pose. 

On the other hand DE 40 28 339 Al discloses a fuel cell system in which 
an excess of Iq^drogm is used as reaction gas and coolant simuhaneously; This 
requires additional means of xecovenng none^reacted hydrogen and cycling it 
back throiig^ the fhel cdl ^stem what again results in higli 
energy densities in weight and voliune. 
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SUMMARY OF THE INVENTION 

By the invention, cooling of a fiiel cell system which may be a single cell, 
a stack or a similar configuration is to be simplified while at the same time the 
effectlvity of the system with leSerence to energy conversion, volmne and weig^ 
are to be kept favourable. 

Hie Invention uses an air iSow with a hig^ stoichiometric rate. This air flow 
omtains the reaction gas oxygen for the electrocfhemical reaction at the cathode 
catalyst layei; and, furthermore^ mainly the nitrogen contained in the air flow 
is used as a cooling gas« The reaction and cooling air stream are identical and 
are fed directly to the cathode c ompa rtment with such high stoichiometric rate. 
Depending on operatiag oondittons and electrode structuresj the stoicfaiomttic 
rate is in the range of 25 to 140^ more preferably in die range of 45 to 90. XHie 
to tiiat large air Qaw, the fuel cell is supplied with oxygen optimally and equally 
aU cmac tihe surface of die cathode. Furthermore^ the waste heat is vanoved 
direct^ from the caihodic electrode. Hie air flow is preferably spread in a 
chaimel structure over the \^ole active area. Additional cooling fluid and 
cooling compartment or cooling fins are not necessary. 

In accordance with the present invention^ the channel system of the cooling 
plate is mudi more simplified. A special cooling plate with a twofold diannd 
structture is not necessarj^ Furthermore^ the gas distribution at the surface of 
the membrane is very imifbrm and efficient because the reaction oxygen is taken 
awajrby diEEiosionficom the cooling air flow. This tmiformity restdts in a constant 
humidity of the membrane and therefore in a a>nstant and high power output. 
Only two gas streams are ttsed, the cooling and reacdon air flow are identical. 
This allows for minimisation of pa::^hei:al aggregates and reduces the complex- 
ity of the fuel cell stack. In one preferred embodimem: of the present imrention, 
there is a cylindrical ceU in which thare is an air flow from the central region 
to the peripheiy or vice versa. 

The reaction o>grgen leaves the air flow by difi^on through appropriate, 
preferably multi-layered^ cathode difiusion structures. The concentration 
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gradient that drives die oxygen diffiision flow is generated by the oxygen 
consumption of the cathode catalyst if electrical current is produced by the cell. 

In this contest the stoichiometric rate is defined as the factor by which tihe 
amount of oxygen in the actually applied air flow is higher than the amount of 
oxygen that is necessary for the chemical reaction in order to produce an actual 
electric power ou^ut. 

The fUel cell may either be a single cell or a stack configuration in the 
geometrical form of a rectangle. The rectangular shape has the advantage that 
the pressure drop within the air flow is relatively small if the flow is directed 
parallel to tihe short edge of the rectangle. Each single ceil comprises a msmr 
brane* a multi-layered and difiusion limited anode, and a multi-layered and 
diflusion limited cafliode. Hie cafliode air conducting layer fbr the reaction and 
cooling air stream may have channels. The air conducting iay^ may be made 
of a porous or a non-porous materiaL 

AltemativelR the geometrical fbrm of the fuel cell stack may be cylindricaL 

The individual cells flier^re have a circular ring shape. The air flow is sullied 
» 

in the axial direction by means of erne or two blowers located at one or two 
en^Iates. On tibe one hand, the blowers can be attached to the endplates in a 
way diat the electric motors of the blowers protrude from the cylindrical body 
of the stack, on the other hand the blowers may b e completely contained in the 
central tube space within flie stack. The advantage of this geometrical arrange- 
m^ compared to a rectangular one is that there are no air manifolds necessaiy 
that guide the air flow from the blower to the single cells in the stack and that 
spread the air equally to the individual cells. The function of the manifold is 
provided by the inner cross section of tibie cells. 

Therefore, weight and volume are saved. Instead of the circular ring shape, 
other geometrical ring-like forms may be used, such as an elliptical ring or a 
square with a central square hole. Furthermore^ the ring-like shape may be 
achieved by arranghig several cells, perhaps belonging to different stacks, in a 
convenient way in order to save air supply manifolds. 

Preferabl]^ the air flow is directed from the outer surface of the fuel cell 
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Stack to the inner tube^ but an air flow in the opposite direction may be used 
too. As a further possibility fhe air flow direction may be altematingly reversed 
after certain time spans* 

These and further objects and features of the invention will become 
apparent in the following description of preferred embodiments of the inven- 
tion, referring to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a dlagranimatlc front view of a fiiid ceil witfa a rectangular confl[gura» 
tion* 

Figure 2 is cross section tfarougii a circular fuel cell stack with two blowers* 
Figure 3 is cross section through a circular fuel cell stack with one blowen 
Figure 4 is a top view of the drcular fuel cell of Fig. 3 . 
Figure 5 is a top view of an air conducting layer of a fiiei cell. 

DSmiLBD DESCRIPTION OF TOE EMBODIMENT OF THE INVENTION 

An electrochemical fiael cell 1 according to Fig. 1 comprises a membrane 
2, a cadiode difiiision structure 3 at one side of the membrane 2, and an anode 
4 at the oliier side of die membrane 2 • The anode 4 is covered by an endplate 
which in case of a fuel cdl stadc is a bipolar plate 5^ and the cathode stnictmre 
3 is covered by a flow field wiiich is an air conducdng layer 10 wherein air 
conducting channels 11 are formed. An end or bipolar plate covering the air 
conducting layer 10 is not shown in Fig. 1. At both sides of the membrane 2, on 
the sur&ce thereof or on surfaces of the adjacent layer structures^ there is a 
catalyst for enabling the desired reaction between Hi and O2 generating H2O at 
the cathode side and an electric voltage or current to be collected from the 
anode and cathode which constitute the electrodes of each celL The cadiode 
diffiosion structure 3 allows air from die air conducdng layer 10 to penetrate 
to a front area at the catalyst and membrane, and allows H^O vapour to escape 
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from this front area. 

The air flow passes through the cathode diffusion structure 3 with a high 
stoichiometric rate. The stoichiometric rate means the ratio of the total oxygen 
input to the chemical oxygen consumption. This air flow contains the reaction 
gas oxygen for the electrochemical reaction at the cathode catalyst layei; and, 
furthermore^ mainly the nitrogen contained in the air flow is used as a cooling 
gas. The reaction and cooling air flows are identically one single flowxviiiGh is 
fed direcdy to tiie cathode stractute wifli the mentioned high stoichiometric 
rate. Depending on operating conditions and electrode structures, the 
stoichiometticrateishitherangeof 25 to 140, more preferably in the razige 
of 45 to 90. Due to that hig^ air flowi the fasl cell is siqppUed with oxygen 
optimally and equally all ovar the surface of the cathode. Funhermore, the 
waste heat is removed dixectly from die cathodic electrode. The air flow is 
spiead in a channel stmctnie provided by flie channels 1 1 over the vAiole actbre 
area of the cathode and membrane. An additional cooling fluid and a cooling 
compartment^ or coolii^ fins are not necessary; 

The reaction oxygen leaves the ahr flow by difiiuslon tfarottg^ the cathode 
difihsion structure 3 which is appropriate^ dimensioned for the purpose and 
pref^cab^ comprises, preferably multMayered cathode difKision structures. The 
concemration gradient that drives the ox3^en diffusion flow is generated by the 
oxygen ccmsumption caused tqr caAode cata]^ if 
from tiiie cell. 

If due to the high stoichiometric air flow the membrane 2 tends to dry out 
and to lose its ion conductivity at elevated operating ten^eratures> such 
consequence can be avoided by diffusion limited cathode and anode structures 
as described in WO 00/14816 are used, which is herein incorporated by 
reference. This document teaches a polymer-electrolyte membrane fuel cell 
comprising a laminate of such membrane, an electrode containing a catalyst, 
a porous, electrically conductive gas diffiosion layer and a current collector plate 
containing a gas distribution channel structure, and further having a gradient 
of the gas permeabilits^ wliich gradient is present at least in apartial area, in 
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tJie laminate in the direction perpenticularly to the membrane> with a higher 
gas permeability closer to the membrane an a lower gas permeability closer to 
the current collector plate, wherein in operation at the membrane by a hylogen- 
oxygen reaction water and heat are produced, and wherein the gas permeability 
gradient exists in the gas difiusion layer which is adjacent to the electrode 
containing the catalyst^ and at least in this partial area of the gas diffusion layer 
the gas permeability dos e to the current collector plate is lower to such a degree 
than in the vicinity of the membrane that a gas composition occmrs which over 
the surface of the membrane is approximate^ constant; vAnle the water which 
at the operating temperature is generated in vapoiform creates such a water 
vapor difCusicm stream through the gas diffusion layer that the hmnidity content 
of Ae membrane wliich is optimal for the conducthdiy is matetially bdng 
mauitained. Nov^ applying anode 4 and cathode 3 structures with extreme 
water retention prDpottes, manufactured strictly according to the methods 
disdosed in WO 00/14816, cell operating temperatures of more than 70% near 
the oud^ axe allowed to be adiieved despite the large air volume passing the 
cathode. The air flow is generally not further humidified before entering the 
cathode compartment. 

The air flow causes a first tenq»erature difference, i.e. of the air between 
inlet and outlet (ATair), and a second temperature difference, i.e. ( AT^i) within 
the electrode strucune between air fadet and oud^ The AT^ should be as small 
as possible, otherwise uniform humidity of the membrane is hard to maintain. 
A high AT^ causes a different moistening of the membrane. At the inlet of the 
air flow in the fuel ceD, the product water is retained relatively wdl within the 
membrane because of the low temperature of iixe electrode material and the 
cooUng and reaction air flow at this place* Rathe^ the electrode pores are in the 
danger of flooding. At the outlet of the air flow, with its higher temperatures, 
the moistening of the membrane is generally smaller so that the membrane is 
in danger of drying out. This is the reason of designing the cathode diffusion 
structure as disdosed in WO 00/14816 and thus to maintain optimal membrane 
humidity despite (small) temperature gradifflts* Methods to reduce the tempera- 
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ture gradients will be disclosed in Example 3. Therefore, AT^ is preferably less 
than 25'*C, and most preferably less than 8°C. In example 3, a method to reduce 
AT^ by means of a parallel heat conducting layei; i.e., the bipolar plate 45, is 
described. 

On the other hand, AT^j, shotdd be as high as possible, otherwise tiie 
stoidiiometric rate of the air flow has to be increased to a level such that the 
power demand of blowers generating the air flow decreases the efiBciency of the 
whole system in an unreasonable way. AT^ is preferably higher than IS^'C, and 
most preferably higher tlian SO^C Ihe surface of the cathode diffusion structure 
presented to the air flow; and the resulting heat transfer rate between diffusion 
structure and air flow are prefocably designed in a way ending up with a 
temperature difEierence of less than 12°C between the ahr outlet and tibte cathode 
difKision structure near the outlet. Most preferabfy this tenq>erature difference 
is kept less than T'C M^ods to addeve a hig^ heat transfer rate are to increase 
the common surface between air and diffusion structure and to enhance the flow 
velociQr. Both Is achieved, in the described canbodiment;, by the air conducting 
fayer 10 \Kddch saves as a cathode flow plate^ canxpti^iig a large number of the 
narrow channels 11. Furdiermore, the heat transfer rate is enhanced by using 
rectangular channel cross sections and aporous channel wall material. 

The above mentioned methods to increase the heat transfer rate tend to 
increase die pressure drop tliat is nece^aiy to force the ah* ttuoug^ said channel 
structure as well. The energy consumption of the blower is thereby mh^nrpd. 
Howevei; It is typical for the present invention that no further heat removal 
system is necessary. 

Example 1: 

Still with reference to Fig. 1, the fuel cell 1 may either be a single cell as 
shown, or a stack configuration which in this embodiment has the geometrical 
form of a parallelepiped the section of which is a rectangle. The rectangular 
shape has the advantage that the pressure drop within the air flow is relatively 
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small if the flow is directed parallei to the short edge ofthe rectangle. As shoivn 
In Figure 1> each single cell consists of the membrane 2, the cathode diffusion 
structure 3 which is a multi-layered and diffusion limited cathode, and the 
anode 4 which is a multi-layered and di£Fuslon limited anode. The anode 2 and 
cathode 3 are manufactured according to WO 00/14816. The cathode air 
conducting layer 10 is made of a porous or a nonporous material. For the 
reaction and cooling air flow it comprises the channels 11. If a nonporous 
material is used for the air conducting layer 10, the channel structure 11 is 
necessat3K If aporous material is used, the channdi structure 11 maybe applied 
or not. Tb& opposite side sur&ce of layer 10 is anon-channelled side 12 facing 
the membrane 2. 

In (me prefened embodiment^ the porous material of the air conduction 
layer 10 is a graphite pape^ Le. TGVHrlSt from Tksray, Inc. Japan. Tlie channel 
structure 11^ 1*1 mm in deep and 1.0 mm in width, wiiii 1.2 mm between the 
diannds, is milled in die gr^hite p^en The air conducting layer 4 disperses 
the oxygen eqnatfy on the surfoce of the cathode difiEiosion stractore 3 because 
of the his^ stoichiometric air flow rale and the hig^ porous structure of the 
air conduction layer adopted in this embodiment. It may be advantageous to 
wet proof tihe air conducting layer 4 by using a commercially available FTFB 
dispersion. Diffusion structure 3 and air conducting layer 10 prevent the 
menibiane 2 from dxying out. Hie adopted anode 4 is a difibsion limited anode 
used to prevent a large amount d water from evaporating at the membrane 2 
towards the compartment of flie anode 4 and condrasing at the bipolar plate 
5 vidiicfa is cooled ftom die air fk>w of tlie next celL This wa^ 
lost for membrane humldificatlon, because lecyde mechanisms are rather 
complicated. 

Example 2: 

In another preferred embodiment shown in Fig. 2, a fuel c^ stack 15 has 
the geometrical form of a hollow circular c^hnder or very nearly so, forming 



wo 01/73877 



PCT/EPOl/03488 



10 

some sort of an axial tube space 16. The individual cells 1 tfaereaf lia:ve a circular 
ring shape, as shown in Fig. 4. The air flow 17 is stalled in axial direction into 
the tube space 16 by means of one or two blowers 18 located pt one or respec- 
tively two endplates 19. The air flow 17 is directed from the axiatty outer 
surfaces 24 of the fuel cell stack 15 into the inner tube space 16 and penetrates 
through the individual cells toward the peripherally outer sur&ce 25. 

The advantage of this geometrical arrangement compared to a rectangular 
one is diat there are no air manifolds nece^aiy for guiding the air flow 1 7 from 
the blower 1 8 to the cells 1 and spreading the air equally to the individual cells. 
The function of the manifold is provided by the tube space 9 formed by the inner 
cross sections of the cells 1. Therefore, weight and volume are saved. Instead 
of the dxadar ring shape, other geometrical ring-like shapes m^ be used, such 
as an elliptical ring or a square with a central square hole. The ring-like shape 
may also be achieved by arranging several cells, perhaps belonging to different 
stacks, in a convenleat way in order to save air supply manifolds* 

The anode 4 of each cell is sealed by xing-sh^ed sealings 26 toward the 
inner tube space 16 and the outer sux£ace 25 of the i^lindrical a rr an gement. The 
sealings 26, the anode 4, Hhe cathode diffusion structure 3, the bipolar plates 
5 and the hydrogen supply and mechanical compression system are designed 
as described in WO 00/02279, WO 00/14816, DB 199 17 722.8 and m WO 
00/10174, xespectivdsi^ which are h^rdyy incorpmrated hy reference, the latter 
reference teaching an dectricaHy conductive, flexible, and mechanically stable 
layer material containing a p r efo rmed, conductive, porous layer material, which 
contains nonr-metallic particles as a conductive component, wherein the pores 
of the preformed layer material are oonq»letely or parttafly filled with a cured 
resin, and the conductive partides are to an essotlal extent not coated with this 
resin. 

The air conducting li^w 10, as part of the cathode, is constructed as shown 
in Figure 5. 

In order to determine a reasonable diameter for the inner tube space 16 
formed by die individual cells 1, the static pressure along the tube should vaiy 
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only a little bit (less than 10%) compared to the pressure drop that occurs 
within the air conducting layers 10. This results in an equal flow rate distribu- 
tion between the individual cells 1. For tiiis reason, the decrease of static 
pressure in the inner tube space 16 due to Mction and the increase of static 
pressure due to the reduction of dynamic pressure (flow speed) depending on 
the distance from the blower 18 need to be taken into account. Generall3i^ the 
use of two blowers 18, as shown in Figure 2, one at each cylinder endplate 19, 
allows for a smaller inner diameter compared to a one blower arrangement. 

Example 3: 

The high stoicMomenAc rate of the cooling and reaction air flow and the 
resultix^ temperature gradients^ especially die ATei, may result in difiEeient 
faumidificatlQn states wiihln the membrane 2, especially if dxy reaction gases 
are used, iliereby loweriiig the power output. 

Of ootn:se the electrode diffusion structures described in WO 00/14816 
allow for conqiensation of the temperature gradient hy non-uniformity of the 
electrode itself. In teoqierature regions the dectrode structure has to be 
more dense in order to teduce the effective diffiislon coefiBdent for water 
vapoui; dieteby keeping the water within the membrane 2. Howevei; it turned 
out that the manufacturing process of such non-uniform electrodes is rather 
complicated, e^edally if the degree of non-uniformity is high* 

There are several methods to substantially reduce the temperature gradi- 
ents arising due to the cooling method of the present invention. 

The most simple method is reversing the air flow direction after certain 
time intervals . Fig^ 3 and 5 show an air inlet 30 and an oudet 31 which are part 
of the ceQ 1. The inlet and outlet functions are changed alternating^. After 
reversing the direction^ the te m p erat ure at the former outlet 31 is reduced 
whereas die temperature at the former inlet 30 rises, in average^ this results in 
a nearly equal temperature distribution. 

Another melfaod is to use bipcdar plates 5 that have ahigh heat conductivity 
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parallel to the plate. This causes heat to be transported tiirough the bipolar 
plates from the hot air outlet region to the relatirely cold air inlet region. To 
avoid unreasonably hlgli masses of the bipolar plates a material with high 
specific heat conductivity may be chosen. Metals like altmiinium, magnesium, 
betyllium and thdr alloys; graphite; and most preferably foils of pressed 
expanded graphite flakes have good properties. The foils made of expanded 
graphite have extr^nely anisotropic heat conductivity properties. The conductiv- 
ity parallel to the plane is extremdy high compared to tiie rather low density 
of the material. It turned out ibat satisfying results may be achieved by com- 
pressbig the foils until a density of 1.1 g/arP to 1,9 g/cm^ and more preferably 
a density of 1.25 g/cm^ to 1.45 g/cw?, is achieved. In order to get the fbUs 
gastight they may be inqiregnated with a resin before or after the production 
process. Preferabls^ phenolic-^ foran^ or epoxjr resins are used. 

Another method of reducing AT^ between die air inlet 30 and air oudet 31 
regions at a given stoichiometric rate is by enhancing the heat transfer rate per 
unit active area jsoward the air outlet. In this case^ the electrode i^nqierature 
rises slower than the air temp eratuce towards the outlet region. The channel 
structure of tlie cs^indxical stack design of Example 2 as presented in Pigore 5 
show^ this property. Asstuning that the air flow is directed from Hie outer 
surface 25 to the inner tube space 16^ the channel sturfece per unit active area 
that transfers the heat to the airflow is nearly constant eveiywhere. Obviously 
the flow velocity is accelerated towards the inner^ relatively hot space 16. 
Therefore the heat transfer rate per channel surface is enhanced. The hot 
regions are cooled more effectively and AT^ is reduced compared to arectangu- 
lar arrangement having uniform channel distribution. 

Example 4: 

Due to the sensitivity of the fuel cell membranes 2 to soluble impurities like 
Nad or CaC03 that are typically present as dust in Ae aii; the air may be 
cleaned by a filter before being fed into the cell. Otherwise such substances 
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dissolve, migrate into the membrane 2, and block the Ion conductivity 
mechanism. Unfortmiatelsji such filters cause a pressure drop in the ah: flow and 
add weight, voliune and costs to the fuel cell systems, especially if they are 
designed according the present invention using high stoichiometric air flow. In 
order to overcome all of these problems an air filter integrated in the cathode 
diffusion structure 3 may be used. 

In order to avoid the migration of dissolved ions firom the channelled air 
conducting layer 10 to the membrane 2 it is su£Scient to apply a strongly 
hydrophobic layer comprising small pore sizes within the cathode diffusion 
structure 3. I>ue to the hydrophobidiy and the narrow pore size liquid water 
is not likely tx> exist widiin these pores becaiise of the resulting Ugh sutfece 
energy. Water vapour and gases may penetrate such a layer with a rate that is 
sufficient for application in the cathode of the fuel celL Even if dust &om the 
air dissolves in product water near the channds 11« the produced ions are 
prevented from migrattog into the membrane 2 bec^^ 
in the littering layeD 

Layers with these above mentioned properties are well known in the field 
of membrane distillation facilities. Typically they consist of porous stretched 
PTFE fixDs. Unfortunately for foel cell applications^ additional high electrical 
conductivity is recammended. One sheet material that may serve as a filtering 
barrier l^er is "Caibel CL% a product of Gor^ inc. Before adding it between the 
air conduction layer 10 and the further electrode structures, le. 3 and 4, the 
sheet material has to be compressed by applying a mechanical pressure, 
preferably in the range of 100 to 800 bars and more pr^erably in the range of 
200 to 350 barSy at elevated temperatures. Improvements may be achieved by 
impregnating the porous Carbel CL foil with a FTFE/detergent suspension 
followed by a PTFB sintering process before compressing the sheet material as 
described above. 

Another possibility for a filtering layer uses the electrode structure dis- 
closed in Example 4 of WO 00/14816 directly as a filtering layec As an impreg- 
nation material, graphite powder with a particle size of less than 4 fmi and a 
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PTFE content of more than 50% has to be used. Advanced filteiing properties 
are gained by compressing this layer before assembling the cell. 

Example 5: 

TWO possible control and steering functions of the air flow in die fuel ceU 
stack are described below: 

nrst the control and steering of the air flow rate could be done 1^ 
temperature as described in WO 00/14816, which is hereby incorporated by 
reference, lb obtain a unifomi water balance die operadon tenq^etature of the 
fiiel cell stack could be chosen at an opthnum by variadon of the air flow and 
the air flow is varied by the speed of die blower generadngit. 

Another way of ainti»IIing and steerhig the air flow rate is by xneans of an 
etectnmic controlled microprocessoi: Again, die rotadonal speed of the blower 
varies the air flow The following data have to be measured or calculated to 
define the needed rotational speed: 

a) voltage and current 

b) calcolarion of the waste heat under the assunqstion that the diffusion losses 
of die hydrogen migration thnm^ the membrane are constant (as a result 
of earlier tests) 

c) air temperature at the inlet (Tin) and oudet (Tbut) 

d) dT/dt of the inlet and oudet air 

Under the further asstnnption that the beat capacity is known and constant 
all these data allow the microprocessor even in a not stadonaty modus to define 
the stoichiometric rate of the air flow The control is now acconq>li5hed through 
the supply voltage of the motor of the blower (or blowrers) with methods 
common in the field of electronics^ in a propordonal and/or integral and/or 
differential steering strategy so that the air flow remains in the interval of 25 
to 140 times the stoichiometric rate. 

For a fiiel cell stack with forty unit cells 1 and a maximum power output 
of 670 V\r die air flow needed for the conversion of 03^en and Iqrdrogen by the 
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chemical reaction in the fiiel cells of the stack Is 19.5 litres per minute in the 
case of maxinuun power output. This follows from the fact that 0.058 cubic 
centimetres of under normal conditions have to be converted to water to 
obtain an dectric charge of 1 coulomb. For said stack a maximum current of 
27.9 A is achieired. This results in an oxygen flow of: (0.058 <x/As*27.9 AMO) 
= 64-7 cc/s =5 3.9 1/min* As there are roug^ 20% O2 in the ambient ah: the 
requhred air flow has the above stated value. In order to remove the waste heat 
from the fud cell stack for ambient air tenqieratures between -10*'C and 
and ihe fidl range of output power levels the blowers have to produce an air 
flow between approximately 490 Vmin and 2720 l/min what means a 
stoichiometric rate b^ween 25 and 140. With a cell operation temperature 
within the stack in the vicinity of 60^C a maxfmiim increase of the tenqierature 
of the cooling air flow of roughly 70 Kelvin and 14 Kelvin for an ambient 
t^nperature of -10°€ and 46*'G respective^ is possible. Assuming an efSden^ 
of the fiiel cell stack of approximate 50% a waste heat of 670 Joule per second 
has to be remov^ fior maximum power output, vntfa the maximum possible 
temperature increas e of the air flow this results in tiie above stated minimum 
air flow rates. The air flow necessazy to remove the waste heat can be deter- 
mined experimentally at given ambient ten^emures and output power levels 
by measuring the blowers rotational speed which is related to the air flow theyr 
produce. The rotational speed of the blowers is regulated in a way that a certain 
cell operation t^nperature which for example is dependent on the current that 
is taken off from the stack is maintained witliin the stack. The experimentally 
det^anined air flow rates are in reasonably good accordance widi the tfaeoreti- 
calfy expected values. Within the scope of the ioventianifae stated sttddiiometric 
rates are adjusted according to the mentioned calculus for fhel cell stacks with 
diflerent sizes and power outputs. 



